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(57) ABSTRACT

The 1nvention relates to a homogeneous catalyst for the pro-
duction of linear alpha-olefins by oligomerisation of ethyl-
ene, consisting of a zircontum salt of organic acids and a
cocatalyst which consists of alkylaluminmiums and/or alu-
minium chlonide. The activity of the catalyst, system may
sometimes be raised substantially by adjusting the molar ratio
of chlorine to aluminium 1n the cocatalyst within the range
between 1.0 and 1.5. The economic viability of the produc-
tion process and product purity are improved.

1 Claim, 1 Drawing Sheet
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COCATALYST FOR THE PRODUCTION OF
LINEAR ALPHA-OLEFINS

The invention relates to a homogeneous catalyst for the
production of linear alpha-olefins by oligomerisation of eth-
ylene, consisting of a zirconium salt of organic acids and a
cocatalyst.

Linear alpha-olefins (L AO), for example those with four to
30 carbon atoms, are compounds which are, for example,
widely used and required 1n large quantities as comonomers
for modifying the properties of polyolefins or as a starting
material for the production of plasticisers, household cleans-
ers, flotation agents, emulsifiers, drilling fluids, surface-ac-
tive substances and synthetic oils, putties, sealants and the
like.

According to the inventions described in USSR inventor’s
certificate 1042701 A, the unaccepted Italian patent applica-
tion ITA24498A/79 and German patents DE4338414 and
DE4338416, the oligomerisation of ethylene to C4-C30 LAO
1s performed 1n an organic solvent at 60 to 80° C. and pres-
sures of 2.0 to 4.0 MPa. Toluene, benzene or heptane are used
as reaction media. All these processes make use of catalysts
which consist of a zirconium salt of an organic acid and one of
the alkylaluminiums AI(C,H;);, Al,Cl,(C,H:), or AICI
(C,Hx), as cocatalyst. In order to prevent the occurrence of
unwanted secondary reactions, 1t 1s necessary to terminate the
oligomerisation immediately the reaction mixture leaves the
reactor. The catalyst 1s deactivated by addition of a polar
oxygen compound (H,O, methanol, ethanol, carboxylic acids
etc.) to the reaction mixture and 1s then separated from the
mixture by adsorption onto a regeneratable aluminium oxide
gel. The deactivated catalyst must be replaced by fresh mate-
rial.

The high price of the zirconium salt means that the catalyst
accounts for a considerable proportion of the operating costs
of the processes. Higher activity of the catalyst (expressed 1n
kg of LAO product/g of Zr) results in lower consumption and
thus 1n increased economic viability of LAO production
because operating costs and, due to the consequently possible
reduction 1n size of the apparatuses for storing, apportioning,
deactivating and removing the catalyst, also capital costs are
reduced.

It 1s accordingly an object of the present invention to
increase the activity of the catalyst hitherto used for LAO
production by modifying the chemical composition thereof in
such a manner that lower catalyst consumption 1s achieved
without any drop 1n product quality.

This object 1s achieved according to the mvention 1n that
the cocatalyst 1s produced as a mixture of alkylaluminiums
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and/or aluminium chloride, wherein the molar ratio of chlo-
rine to aluminium 1n the cocatalyst may be adjusted at will
within a certain range by modifying the proportions of the
various compounds 1n the mixture.

DE4338414 describes a catalyst system which 1s conve-
niently used in connection with the process explained therein.
The zircontum compound has the chemical formula
ZrCl_ X . wherein m+n=4, 0=m=2 and X denotes a car-
boxylate derived from a C, to C, fatty acid. The compound
Al,Cl,(C,Hs); has proved to be a particularly advantageous
cocatalyst in practice, giving rise to a catalyst activity of 10 kg
of (LAO) per 1 g of (Zr).

It has been found that the decisive parameter determining,
the level of catalyst activity 1s the molar ratio of chlorine to
aluminium 1n the cocatalyst. Given suitable selection of this
ratio, values considerably higher than 10 kg of (LAO)/g of
(Zr) may be achieved. Product punty 1s simultaneously
improved.

The cocatalyst 1s preferably mixed from the substances

Al(C,H;), and/or AICI(C,H.), and/or Al,Cl,(C,H:); and/or

AlIC1,(C,H;) and/or (AICl,) such that a Cl:Al ratio with a
value of between 1.0 and 1.5 1s obtained. The Cl:Al ratio

particularly preferably has a value of between 1.0 and 1.3.

BRIEF DESCRIPTION OF THE DRAWING

In the FIGURE, catalyst activity 1s plotted as a function of
the molar ratio of Cl to Al 1n the cocatalyst. Starting from an
activity ol 10 kg of (LAO)/g of(Zr) at a Cl:Al ratio of 1.5,
corresponding to the prior art (Al,Cl,(C,Hx);), activity rap-
1dly rises as the value of the ratio drops until, at Cl: Al=1.26,
it 1s approximately 500% above the prior art. Activity then
slowly drops back down to reach a value of approximately 34
kg of (LAO)/g of (Zr) at Cl:Al=1.02. IT Cl: Al ratios of higher
than 1.5 are used, activity drops. At Cl1: Al=1.77, it1s only 3.1
kg of (LAO)/g of (Zr).

The invention claimed 1s:

1. A homogeneous catalyst for the production of linear
alpha-olefins by oligomerization of ethylene, comprising a
zircommum salt having the chemical formula ZrCl X .
wherein m+n=4, 1=m=2 and X 1s a carboxylate a C, to
organic acid and a cocatalyst which consists essentially of
two or more compounds selected from the group consisting of
Al(C;Hs);, AlICL;, AICI{C,Hy),, AICI,(C,H) and Al,Cl,
(C,Hx);, wherein the molar ratio of chlorine to aluminum 1n

the cocatalyst 1s within the range of 1.0 to 1.3.
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